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Year 3 Annual Report: W81XWH-09-1-0128  
Imaging CXCL12-CXCR4 Signaling and Inhibition in Ovarian Cancer 

 
1. Introduction. CXCR4 and its chemokine ligand CXCL12 are potential targets for molecular 
therapy of ovarian cancer.  Receptor CXCR4 is expressed by ovarian cancer cells in 
approximately 50% of patients.  High levels of CXCL12 are present in ascites of patients with 
ovarian cancer, providing a local source of chemokine ligand in the tumor microenvironment.  
CXCL12 signaling through CXCR4 activates pathways that could promote tumor growth, 
invasion, metastasis, and resistance to chemotherapy.  To develop CXCL12-CXCR4 as 
molecular targets for chemotherapy in ovarian cancer, there is an unmet clinical need to 
understand how these signaling pathways function in the tumor microenvironment of ovarian 
cancer in vivo.  We propose to develop new molecular imaging technologies and signaling 
reporters to analyze CXCR4 signaling in vivo and determine to what extent inhibiting CXCL12-
CXCR4 signaling produces disease regression in mouse models of ovarian cancer.   
 
2. Body.  
Aim 1.  To construct ovarian cancer cell lines with molecular imaging reporters to quantify 
activation of CXCR4 and downstream effector molecules.   
A. Time period: Months 1-16 
B. Tasks to be completed: 
1. Establish ovarian cancer cell lines (Hey-8, Skov3i.p.1) stably expressing CXCR4 imaging 
reporters for receptor homodimerization, recruitment of β-arrestin 2, and activation of AKT.    
2. Test responses of each reporter cell line to stimulation with CXCL12 and inhibition with 
CXCR4 inhibitors AMD3100 and TF1403 in cell-based assays. 
3. Test CXCL12-dependent activation of signaling pathways in reporter cells using biochemical 
assays including Western blotting.  
 
Progress.  1.  We established Hey-8 cell lines with these reporters except for the AKT construct.  
We designed and tested different reporter constructs for AKT activity, but none generated 
specific signals for this pathway in cell based assays.  Performance of our imaging reporters in 
terms of signal to background was notably better for Hey-8 cells, so our experiments in cell 
culture and animals were accomplished with this ovarian cancer cell line.     
2 – 3. We previously reported validation of Hey-8 reporter cell lines with AMD3100, the only 
clinically approved inhibitor of CXCL12-CXCR4 binding and signaling.  We tested kinetics of 
inhibition using a reporter for CXCR4 interaction with β-arrestin 2.  Treatment of Hey-8 reporter 
cells with CXCL12 rapidly (within 40 minutes) produced bioluminescence above basal levels, 
and this effect was blocked completely with AMD3100 (Fig 1).  These data establish the 
capability of this reporter to quantify acute changes in CXCL12-CXCR4 activation or inhibition.          
 
Aim 2. Image and quantify activation of CXCR4 signaling and pharmacodynamics of 
CXCR4 inhibitors in mouse models of ovarian cancer.    
A. Time period: Months 13-36 
B. Tasks to be completed: 
1. Establish intraperitoneal ovarian cancer xenografts of Hey-8 or Skov3i.p. cells stably 
expressing CXCR4 imaging reporters.  Xenografts will be established in Ncrnu/nu (nude) mice. 
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2. Perform bioluminescence imaging and MRI studies of CXCR4 signaling and tumor 
progression. 
3. Quantify inhibition of CXCR4 signaling with known and candidate CXCR4 inhibitors and 
establish to what extent inhibition of CXCR4 signaling correlates with tumor growth and overall 
survival.   
 
Progress.  1. We previously described successful generation of ovarian cancer xenografts with 
Hey-8 cells expressing CXCR4 imaging reporters.  For reasons described above, we have not 
been able to accomplish imaging studies with Skov3i.p. cells.    
 
2-3. We used the CXCR4-β-arrestin 2 reporter to quantify inhibition of CXCR4 in living mice 
and test effects of CXCL12 to reduce cytotoxicity of the chemotherapeutic drug cisplatin against 
Hey-8.  In cell culture studies, CXCL12 minimally affected cell death produced by increasing 
concentrations of cisplatin (Fig 2).  In a mouse xenograft model, treatment with AMD3100 
inhibited CXCR4 signaling, as evidenced by a decrease in complementation bioluminescence 
from association of CXCR4 with β-arrestin 2 (Fig 3).  Treatment with cisplatin plus AMD3100 
did not reduce CXCR4 signaling to a greater extent than AMD3100 alone.  As decreased in our 
previous report, we used fluorescence from far red fluorescent protein FP650 to quantify tumor 
burden rather than MRI because of problems with respiratory motion artifacts on MRI.  We 
quantified survival of mice implanted with Hey-8 CXCR4-β-arrestin 2 reporter cells and Hey-8 
cells secreting CXCL12 in response to the following treatments: 1) vehicle alone; 2) cisplatin (4 
mg/kg every 5 days intraperitoneal); 3) AMD3100 (25 mg/ml delivered by 2 week osmotic 
infusion pumps); or 4) both cisplatin and AMD3100.  Treatment began one week after 
implanting tumor cells and continued for two weeks, the maximum period of delivery for the 
AMD3100 osmotic infusion pumps.  We discontinued treatment with cisplatin after removing 
AMD3100 or control osmotic infusion pumps.  There was a trend toward improved survival in 
mice treated with both cisplatin and AMD3100, although differences from cisplatin alone were 
not significant (Fig 4).  We hypothesize that continuing therapy throughout the full period of the 
experiment could make these differences significant.  Such a treatment protocol likely is more 
feasible in patients for whom more advanced medical monitoring and supportive care is available 
than can be provided for mice.     
 
Key Research Accomplishments. 

 Established that AMD3100 blocks CXCL12-dependent recruitment of β-arrestin 2 
during extended periods of therapy in a mouse xenograft model.   

 Found a trend toward improved survival of mice treated with combination therapy of 
AMD3100 to block CXCL12-CXCR4 and the standard chemotherapeutic drug cisplatin. 

 
Reportable Outcomes.  

 Publication: Ray P, Lewin SA, Mihalko LA, Schmidt BT, Luker KE, Luker GD.  
Noninvasive imaging reveals inhibition of ovarian cancer by targeting CXCL12-
CXCR4.  Neoplasia 2011; 13(12): 1152-1161. 

 
Conclusion.  Our research established imaging reporters for CXCL12 binding to CXCR4 and 
activation of downstream signaling molecules.  Using these reporters, we established the ability 
to monitor activation and inhibition of CXCR4 signaling in real time in cell-based assays and 
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